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T .,. 2.: 
·L:0-ij: 
._2·· I .... 
. 0()·2.j; 
11 I .. · .. -
--lj: 
:_·(· , ..,. .T· m· \ I :. i 
·. ·.·:± ..... · ···_1· -:-:±· -2·· -I- -o· a· 
: . ·: : · .. · ·. .; .'. ·: :·:. 
2.: .·1.:·3-: ' . . . 
.2.·14 
2 .•. 1·5: 
,I 
I 
I .. 2tl. . . ~{l 
1 ... == T5-1 .. . ,.J_: __ .: lJ. 
:11:2 _ 
. ··ij 
. • IL I ... 
···1,.· J 
.... 12 T. ·L· ..... -6·.··1.· .. : . _: J: 
.· .•. 2 .· 1:2 ·.·. :22· I . · -. --- I + · I · · 
--1 • ..,.. .. ·_i·.:··· .. _J·····. ·.· - :.,:· . . _·_. a· .. LJ: 
.2 
·r ·· __ -
. ·2.j 
.l4: 
2 •. 19. 
2, .. ·2··0 :: •. ' .. '·:-_ ,- =· 
2 .•. 23 
• • '•4 ••• 
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T(J2j or 102j , f'Or process one artd .fi;rrisheO: :product respectively, 
_E:quat :Lon. (: .2 ·~ 1.6:) thr.bug4. ( 2. 24) are inventory terms ct~fined ·_in 
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.2.,:~ 5.. .Mat'h.ematic.al Mo.de.·1 
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L j=l 
:on m.acl:tine 1~ fo-r _pro·c.e:s s :1 
'I 
. k.1 . 
.. ... .. .. 
-.a .. · :is tti:~ m~.e-:ni_ne us_.age. rat.e f·or p17-o.:j·~ot j Ott mac:h·i::rie· k. J 
fo.r :p:r·oc.ess- l 
. . :·S··.· ·_1t_-: l •.. 
.:an:d i_·:s 
.• ·=t,j (5.} 
k kl. k'l .kl 
-Q.S .. + .. ·. :·a·· T· ... ·.· ··< .. ·o 
_. .. • .. -. ,D.:• • 
··1 t·J, J .lJ": ~ • .. 
i = 1., 2 :l 3(J?e.r_i_.Q_ds) 
.1 '= :i :, 2: :( Qp_e·rat ie:>n·$·)• 
Minimi z:e ·Z 
. :• ... . 
k'l 1 when L · · :> o.: 
·i.j 
3 1 2 ·l :2 2 
= L Cr{ .+r;_.+102·+I02·+r;.) j=l J ... J .... J J _J ·.· i.7}, . ~ c:: ·C. ..• ~-/· 
·The :rria.:t.l::iemati_cal. mo.clel :formula.t.eq . .; ( 2. 2:5:)throµ,gl;l (:z .•.. 35.) , c.an: 
. . . ·. . . ; . 
b:e :consid¢;red a mixed .integer progrlWJl!llr1g p:rdblem Where ;the irttege+ 
.... kl .. . . 
vari-ab.l.e·s S ... take ·on .Bo.ole~an values. and ··at~e- related to t:rte hon-· "·" .. .. ·i J .· . .  
kl. 1 .. · ... i.a 
:CHAJ''.T·ER r·rr: 
MA.THEMl-tT.I:CAL OPT.I.}tLZATJ·QN TECHN.r[QUJi} 
. . A .. n•wr,Ip~r :of: .mat·hemfL.ti.c.,al optimi:z~tion. tec·hniqµeEi ana· he.u:r.i·.s,t±.·c·· 
methods have $een :used to soJve p:roduct;ion loading p+oblems . 
',• 
There have. been .app+oache·s. using integer pr.ogr.amuning31 , 35, dyna.m.ic 
. .. . . . . . . . 
·. .13 ,.2·.1 - · . b t···_._··_ ... _ .. h··· .. ··.· _ .· __ _ .. 12: ,:15.,1.6 ,.17 , .. 24 ,'$0 : ___ :_· .. ··'d· progranrrn.i.ng ... -.-_·_ .. · ·- ·, ·pran:ch. and · ... . QMd .. ·e.c. ni .. que , .an .. 
. . .. 
heuri:$tic .me:tJ100.s 1·4..,·2·0·, 2:8: ..
. . . . . . . .; . . . . . . . w . ·1 .. 8 .. ' . . . . ' . ... . load:i.:ng model With :Set up· time,. 1s ])antzig a;rrd · Qlf' Ilecompos1t:i.on 
Algorithm w:tth the Branch a.nd Boµnd 'J'echrtiqueof' I,and arid Doj_g27 
the mixe:.d ·int·e.ger· ·pr.og·r·~ng· prob)'..e:r:n:.• , 
. -~ . 
'!"he use of i,J:;ie, decomposition principle as a solu;tion technique 
f'or lOading :to.bde1S is Ubt ®itJ;UEf, Elrn:agh:r'aby21 used, the decom1:,o-
, :s:i:.tio.1;1 prin.ci:pl.e apq. ·ge.11er·ated 1Jon~littear· pr~:rgl:'~:mmi'ng· prc}b.1:ems wit·:h· 
. . . . . . . ' ; . 
Thes<=· sribpro{')J.ems :were then solved by qyn1;J.mie p:rogram:n:dng,. 
Langmacher38 al$O used, tl1e dec.o:mposltion principle to solve 
Hi.s formul.at·io.n ·w·as .a non-
. - . . ~· . . . . -. . . . . . . . - . •. •. ·'. 
J;lattern {:not necessarily optimum) , Hi.s approach l:p.c;:orporated the 
E. ·._ ';i. ·· .. ·  ·2.··.·o ..n·  ... 2·0· a. 'h th • +. t .. t d' • ;;;i . t· t n lr pr.o.ce. u.re:, ·w .e·re . >. e .capaci·'u.·y C'Qn.s ·_ ·ra1.r1 .s · .lµ no .. Me 
:aocot1nt .of the s:et ·up t·:i:rrie.. :a::tio;n .. '.s first :s·olu.ti:_qn: to:. the' 1·inear.: 
r 
·froJn ·the: t . c1t·~l q'a;pacity avai.1:able :fo.r- ~a-ch .machine for t:he>.se p·roducts 
Conti·n:u·e. 
. . . . . . . . . . 
~-
;' 
·a.. mi.niJn:11m, c:os t. ~-
' p:rcxgr-q.Imt:l.i·ng opt-i:qp_, :for vario-q9, ·adj_us.t:e.-d cos·t·$· f'o.-r. 0e:acI1:: s:ubp.roblem 
2.0. 
_3··," t; Optirniza.tio-n Meth;qd 
:pr{5gra.mmi.ng p:r.oble:rns wh:oE>e joint solut_ion must sa;t:j__·s.·fy a. s·et.· of 
s:o ·p_n-e rruLgh.t e-xp~ct it tc) take al'.)·out 270 mitiu:t:es t.o· s:-olv.e-: 3 sup--: 
will be ··mo·:o:i·fied to i.n,c-lu,de a h.e-urist.ic: B:t.anch.ihg r·µl~ to s_pEted up. ,• ,. 
t' 
product=fo.p: ·.ioad·ing. model 
" . 
22 
3. :3 Pecomposi tion Algorithm 
Consider th.e linear prog:taIT!m.lp;g fo:tmtilatiqn in matrix :l;Qr:trt, 
. . ' 
·min:± :rn:L-··Z.e 
P:x. ,= b and x > o 
. .· . 
AO Al A._ 2 .. ; ... ·• ~ 
0 B. .0 
• • • 0 1 
¢ 
.B2 .. •• • 
• 
• • 
• ·• .. 
• 
• ... 
.•·· 
where Ai and Bi are mat·r;i:ce·s- ·an_cl ·t·nJ~_ ¢ :.are· null matrices. 
'rhet1 :as ill.ustrat_·ed i.n. F:tgur,e _:~·-l·:~ t.-.he (>rigin·q.l. pr.ob.lem can .b.e 
p,~:rt::Lti.oried :into, the ,d:e.:c.o:rnpo._sed prqbl.-e:nt or fip:di.ng: t:_he ·-vector 
X >: {) (_p '= :0-,_ 1,_- •.•• k) which rniriim;i·z.es .. p·.--,
_3 •. ]_ 
AO 
f 
I 
f 
I 
I 
' 
~ 
Bl 
I 
I 
I 
I A2 
B2 
I 
I 
I 
I 
I 
I 
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A3 
B3 
De-c-.om:pos~q. ·Linear Programming Problem 
.. . 
FIGURE 3 .1 
B. JC. =, b p I? ·p 
3.~ 2· 
3_·'!.3 
Where ·\i is a :rn0 ;x np mg;triX; BP is a mp ;x np" OP is a :n-compo:nen.t 
row vector. bp :is ·!3.. IIlp ;-c.OIIlPonept col1ltr1rt vector., and Xp .is a np 
var·i ab·l.-e c-ol, .Jtnn -ve-ct~o-r .. 
. . . - . . -~ ' .. -~·- - . . -·' . . . 
k 
I: 
p=O 
k 
:Eler1oe., ·t:h-e :~1;>ove prdb.l~m. ·h::a,,s m = L 
n va;_riables_.-
P 
p=O 
m p 
I 
., 
,:, 
2-- :4·· . . , . 
. Ass:1JrnJn'.g t:r1-at- :the -se:t: o-f f'e·a·s.ib·1e sol.ut.io·n::s ·s ·±s :a ·boun-ded. 
.. . . . . ·. . . .... .. .. , . ' . . ·p 
set :fO;r each suPproblem J):, thel'.'e ex:li:r:ts a. set ot poi.nts;; x::p sucl1 
that X > o a:nd B X = b Which .constLtutes a convex set with a 
.. . . p p ·p P. ·-·-· . . .. . . .......... - - .. . 
:fini.te n-tllllber of e:x::treme points . (N .. ) • Therefore any point can he 
.· p 
._re_p.:r.e :;:fet1t ed. as po}LJX .. ' _·:$ a w:e·1g·-._h._:te .. --.·.a· . _a __ -_·v.-.er __ ag ___ -_e _  -__ . . (.-_ A_·.·._.P_· _ _ ·q·)_.· ·of t:h_ e_.:_· e·xt. ··reme . t 
N p 
L j=l 
N p 
E j=l X .X .. PJ ·p:J. 
A . =:· 1 ·ana. ·A, .·• -~• 0 
PJ P.J 
.... 
··3 ·5 ·. . . ' 
..... : •. :· . 
F:rom {3.4), suOstituting; the expression for x
11 
;Lp:t;o t~.i) 9-nd (::3.'2} 
th:e :fo:i·1awing i.s- _ob·tairre.a 
······· d--an· 
. . . 
k 
L 
p=l 
k 
L 
p=l 
N p 
L 
N p 
L j=l 
C X .-.·X .• 
P PJ··· <PJ·. 
A X A . 
pp PJ 
3.:6. 
3: •. 7 .. 
.. 
1 
25. 
p:roblem ( ]: .l) t.o' ( 3 .•. 3) ·c:an _pqw b-e· wr.itte·n in the e.qµival~_rrt ~ . . -, . 
f.orm o.f findin.-g. 'X .. ~ O:,· x0 .... >. () w:11.:~c.b. rni:ri-itnize:s·· . . . PJ 
sUbjec-t. to: 
C X + 
···o···-o· ·. :': . 
k 
L 
p=l 
k 
L 
p=l 
" 
.. ~ X . - l 
PJ 
N p 
L j=l 
N p 
L j=l 
C X .X .. P PJ .. PJ: 
A X . X . .. 
p PQ :IYJ. 
.first m0 .con.straint row,s· are tiE;;rme-d t:he tran·sfer 1:-.ows -~nd t:h.e: 
.lc9;S'f~ k rows are the Qor_1yexit.y rows. r·n {.3.9) :and (3.10) the 
A. OJ 
.,c~;ol umns . 
AX. p PJ 
e p 
·3·. ··s· .. ·-. . .. . 
: ~-- ·. 
3:.·10 
th: . a:;re;: extremal col11mn.s wh.··e.re· ep is: tb>e J?··· ·.· · ,c-oltl.Iliti _().f a unit matrix of 
o:r:der k~ ·r·.t should pe e:mpha.s .. i:z·ed ··t·hg:i;· .(_3 .. :8} to: C.3 .•. 1:G)) are the . -. . .,;, 
. ·. 
,contribution: to: t.,h-e, ·tt·'ti·.e :i:q/:,. -.~q-uat-±.ons an:d obj:·~ctty~ :f:unc.ti.on_, 
··,· 
I 
t 
·, 
"' 
I 
2_6 
respective :Ly • Given the optittrum Xpj: to t:tie extremal p:i;'ObJe:irr ( .3 . 8.J 
to ( 3 .... 10). ·, ·t:hen th·.e ·c:.-c>:rresponding optimum :s ol1it·iq:r1 ;in t:~_r.:rns· .o·f 
e.ach .x. :is. g=ivE::·h: by X = L X .X • .• The- only ap:p,arEfnt fl-aw .iJ3. P P j PJ PJ 
th:at :it. wo.ui_,d :be te·aious to ide:pt.:L:fy :all .of t·he X . vec.t.ors. for 
PJ 
,a· l-ar.ge sy,s.t.em iCwb:ich,. equals ·N f''o_r ea.ch ·subproblem p). Ther·ef\:>.re: . . . ··p· . .. 
·t·he s-,e:ar.-:oh me:_th,od tfs.eci. to :f-:ind -o.n.ly ·tho,s··,Er vectors ( X. ) Whic·h wouici ··· · · 
· ·· nn: 
~'1-
contrlbti.te to tl:le. Ohjeetiye eqµatlon .is the re\tiS.ecl Silll,p:le:ic meth.odS:. 
cirte ::solution Ve"t!tor X t.6 ,a·n,other- x· .... . · ·•. . . . .. . . . :p.q_ . . . . . J?q+l 
Th~- rev-:is.e·d s.im:plex :c:rit·erton1 us·e:d :f"tft i::.:he ... $:e.:arch pr:o:cedure t,q 
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,t'o b-e s~,t t,9. :o:ne-, if it.s as.stc:ro:i,a:ted. decisi:o:n 1.rari::abl.e:s.~ 
Li or :i;",j ~g_val zero, t'her+ tl:19,t integer va:rilible is 
·t.o: 1:>.:e l!=ft· :a fr·ee v.ar-:i. ab:le t.o ·take on. any· V·qlU;~·-! 
.F.our-t.h-,, s..e.t. th:·e· a,pprot:r:ri:at·e .i.nt·egfar variables• ·t:,O 
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se,t· eq;ual to zero -and proc:e.ed t-he1J.- i:rt -:~. no-rm.al b.ranch .. 
estab-1:is::h,e;s a- n.ew· ±rtLnimum 1:owe-r b:ound :for t'b.e next. 
'''. ,,··, ' .. • .. .. . . . -· ... -. ' .. • ,;' . . ' . . .. '. . . '• .· 
·Th.~<11 -<}ontin1.te on. to :step· 6 .• 
. ···o· 
.S-t.e:p.:-~< · ..• 
,Tn:e:refor.e ~ fo_~- tne: ·p:roductt·t,on 1o·adit1g; :::rno.de:l.,: the tr.e:.e -net·work 
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. ; . . .. -; . . .. 
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·in C,rlc{pt~r· ·11:., 
.· . 
'Where 
~. . . , . 
.x .. <'·.My .. 
. l -,- •. · ... ·.-. '± 
Y·. i.nt.eg·_·-_er· v.ari.-ab·les . 
. l ... -
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biiity of the sub-.,apti1il.ufu $olution,. TJ:re main. difficulties w±th tl:re 
bran.oh !:Lnd bound procedure is. that the optimum solution is reached 
of Pe1:1et:ration ±nt;o the hrapching network so:me kind of co:rtfidenc.e 
:interval ccpuld: be e:iftalJlishe.d :tor the current feasible .solutiQ.JJ:, 
opt·i-m.Ulii. o:r- a.- .s:m·a11 :P-(f;:rc-,~:nt-age. v.a1.ue ··from t.h.-e. opt::Lmum.-
. ; . . 
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